Introduction
The term audit has been defined as "any summary of clinical performance of health care over a specified period of time". 1 There are three main approaches to obstetric audit namely audit of deaths (maternal or perinatal), audit of severe morbidity (or near-miss), and audit of clinical practice. 2 Deaths can be audited at the community level (eg, community-based maternal death review which is also called verbal autopsy), health facility level (eg, facility-based maternal death review), or regional/national level (eg, confidential enquiry into maternal deaths). Methods of analysis used in audit can be quantitative (eg, surveillance) or qualitative (eg, case review). Audit is based on criteria (or standards) of care which can be either implicit or explicit (eg, criterionbased audit).
against explicit criteria and implementation of change. Aspects of structure, processes, and outcomes of care are selected and systematically evaluated against explicit criteria. Where indicated, changes are implemented at individual, team, or service level and further monitoring is used to confirm improvement in healthcare delivery". 3 Criteria-based audit consists of five classic steps: establish standards of good practice, measure current practice, feedback findings and set local targets, implement changes in practice where indicated, and re-evaluate practice and feedback. 2 A Cochrane systematic review showed that audit and feedback can bring about moderate improvements in professional practice. 1 This review included 118 randomized controlled trials (RCTs) and only one of them assessed obstetric practice. The aim of the current review was to assess the effectiveness of criterion-based audit to improve quality of obstetric care as perceived by midwives/doctors in the one hand and quality as perceive by women/mothers on the other. , by combining search terms for the intervention (audit, audit and feedback) and subject area (obstetric*, pregnancy, childbirth, midwifery). In addition, the electronic searches were supplemented by a hand search of specialist journals and reference list of identified studies. There were no language restrictions to the search.
Methods

Search strategy
inclusion criteria
Our inclusion criteria were: (a) type of studies: (i) RCTs and non-RCTs that compared criteria-based audit with no intervention or with any intervention, (ii) criteria-based audit in which the results before and after feedback were compared, and (iii) criteria-based audit in which different types of feedbacks were compared. The term 'before-and-after studies' as used in this review refers to studies in which the authors compared the findings of an initial audit with a re-audit. (b) type of participants: Women who were either pregnant, in labor or in postpartum, and received care in a health care setting. We excluded studies on abortion or miscarriage. (c) type of interventions: criterion-based clinical audit defined as "an objective, systematic and critical analysis of the quality of health care against set criteria (standards) of best practice". 2 Type of outcomes: objectively measured provider performance, health outcomes or women/mothers' perception of care in a health care setting.
Statistical analysis
We analyzed data using RevMan 4.2 software. For dichotomous data, study results were expressed as odds ratios (OR) with 95% confidence interval (CI). For continuous data, means and their standard deviations were recorded for each arm of the study and results expressed as weighted mean difference (WMD) with 95% CI. Where only the median was reported, the mean was assumed to be equal to median (after checking for skewness) and the standard deviation was estimated from the range (range × 0.95/4).
We assessed heterogeneity between studies by graphical inspection of results and, more formally by, the chi-squared test of homogeneity. In the absence of significant statistical heterogeneity between studies (P  0.1) were pooled their results using a fixed effects method. When there was significant heterogeneity between study results, the random effects method was used and the source of heterogeneity investigated.
Results
Description of studies
Thirty potentially eligible studies were identified, from which three were excluded because further investigation revealed that the studies were not criterion-based audit, [4] [5] [6] two because the studies involved only one audit without a repeat audit or a comparison group, 7, 8 and two because they involved abortion/miscarriage. 9, 10 The remaining 23 studies (one RCT and 22 beforeand-after studies) with 33,911 participants met our inclusion criteria: seven audits on Cesarean section, [11] [12] [13] [14] [15] [16] [17] one audit on the management of different emergency obstetric complications (obstetric hemorrhage, uterine rupture, obstructed labor and genital tract sepsis), 18 four audits on the management of pre-eclampsia/eclampsia, [19] [20] [21] [22] one audit on the management of obstructed labor, 23 one audit on the management of postpartum hemorrhage, 24 one audit to improve a district referral system for maternity care, 25 one audit to improve womenfriendly care, 26 one audit on induction of labor, 27 one audit on the management of third degree perineal tear, 28 one audit on external cephalic version for breach presentation, 29 one audit to improve return rate of pregnancy hand-held record, 30 one audit on antenatal corticosteroid to enhance lung fetal maturity, 31 one audit on intraparum group B streptococcus prophylaxis, 32 and one audit to improve early diagnosis and treatment of complications during pregnancy.
Further details about the study design, sample size, type of feedback and outcomes are presented in Table 1 . There were 22 studies on criterion-based audit to improve the quality from midwives/doctors' perspective and one published study on the use of audit to improve the quality from the women/mothers' perspective. There was no study that compared the effectiveness of different types of feedback in criterion-based audit. In 35% (8/23) of studies the method of feedback was unclear and in 74% (17/23) of studies the method of feedback was educational meeting either alone or with another feedback method. Ninety six percent (22/23) of studies showed significant improvement in at least one standard measured. The method of feedback was unclear in the study which showed no significant improvement in at least one standard measured. 32 There was a significant improvement in at least one standard measured in all studies (100.0%) in which feedback involved educational meetings either alone or with another feedback method. Seven out of eight studies (87.5%) in which the feedback was unclear showed a significant improvement in at least one standard measured. There were no clear differences between studies that used educational meetings alone and those that combined educational meetings with other feedback methods such as written materials and posters.
In three studies new guidelines were introduced between the initial audit and the re-audit in order to improve the effectiveness of the criterion-based audit. 13, 14, 28 Summary of findings Table 2 presents the summary of findings of the studies included in this review.
Antenatal care
Audit of antenatal care (one study with 356 participants) improved documentation of fetal presentation (OR 1.99, 95% CI: 1.12-3.56), and second trimester screening for anemia (OR 0.52, 95% CI: 0.29-0.93), but did not improve documentation of the expected date of delivery (OR 1.04, 95% CI: 0.09-11.62), fetal heart rate (OR 1.52, 95% CI: 0.78-3.00) as well as screening for diabetes (OR 0.84, 95% CI: 0.51-1.40) and urinary tract infection (OR 1.70, 95% CI: 0.71-4.11). 33 Audit and feedback increased the return rate of pregnancy handheld record at time of admission for labor and birth but the effect was not significant (one study with 1096 participants: OR 1.70, 95% CI: 0.90-3.03). 30 
Peripartum care
Criterion-based audit improved the number of complete steroid courses (two doses) to enhance fetal lung maturity but the effect was not significant (one study with 299 participants: OR 1.59, 95% CI: 0.86-3.01). 31 Audit and feedback for breech presentation (one study with 44 participants) improved documentation of consent for external cephalic version (OR 7.20, 95% CI: 1.32-50.00), but did not improve breech diagnosis before labor (OR 1.04, 95% CI: 0.26-3.51), optimal offer rate of external cephalic version (OR 1.00, 95% CI: 0.49-2.09) and success rate for external cephalic version (OR 2.53, 95% CI: 0.53-11.11). 29 Audit equally showed that cervical preparation prior to late surgical termination of pregnancy using two or three Dilapan dilators (FEMA International, Kendall Park, NJ, USA) on the day before the procedure, was more effective than one or two Dilapan dilators with or without misoprostol, on the day of the procedure (one study with 137 participants: OR 3.50, 95% CI: 1. Audit improved the management of emergency obstetric complications:
Obstetric hemorrhage: intravenous (IV) access achieved (97% vs 95%), hematocrit/hemoglobin performed (84% vs 94%), typing and crossmatch (49% vs 74%), urine output measured hourly (64% vs 79%), oxytocics given (96% vs 93%);
Eclampsia: magnesium sulphate administered (76% vs 95%), fluid balance chart maintained (72% vs 100%), antihypertensives given for severe hypertension (96% vs 92%), patient reviewed by senior staff (46% vs 74%);
Obstructed labor: prompt delivery within two hours of diagnosis (100% vs 100%), urinary bladder drained (73% vs 100%), iv access and hydration achieved (100% vs 100%), broad spectrum antibiotics given (91% vs 100%), typing and crossmatch (27% vs 100%);
Sepsis: Blood taken for culture (9% vs 2%), broad spectrum antibiotics administered (65% vs 93%), exploration and evacuation if retained products are suspected (85% vs 93%)
Audit reduced the median time to reach therapeutic serum magnesium sulphate levels (eight hours vs four hours), improved the proportion of women with eclampsia who reached therapeutic magnesium sulphate levels (5/7 vs 9/9) and the recording of respiratory rate (4/7 vs 9/9). Audit improved a district referral system: all referred patients come with a referral form filled by the referring facility -58/60 (96.7%) vs 62/62 (100.0%), ambulances are available at all times to transport referred patients -60/60 (100.0%) vs 62/62 (100.0%), health center staff inform the district hospital through the short-wave radio when a patient is referred -60/60 (100.0%) vs 62/62 (100.0%), health center staff receive feedback on all patients referred -1/60 ( Figure 1 presents the effect of criterion-based audit on blood pressure monitoring in women with severe pre-eclampsia/eclampsia.
Criterion-based audit equally improved the clinical management of obstetric hemorrhage (2 studies with 770 participants) with regards to testing of hematocrit or hemoglobin (OR 3.07, 95% CI: 1.84-5.14), typing and crossmatch (OR 2.96, 95% CI: 2.15-4.09), and measurement of urine output (OR 2.41, 95% CI: 1.70-3.42), but there was no significant change in intravenous access (OR 0.55, 95% CI: 0.26-1.18), continuous infusion of crystalloids and/or colloids until cross-matched blood was available (OR 0.55, 95% CI: 0.26-1.18), and administration of oxytocics for primary postpartum hemorrhage (OR 0.50, 95% CI: 0.26-0.96). 18, 24 Audit and feedback brought about a significant change in the clinical management of obstructed labor (two studies with 100 participants) with respect to the drainage of urinary bladder (OR 3.85, 95% CI: 1.23-12.04) and maintaining an observation chart (OR 7.00,95% CI: 2.46-21.11), but not the administration of broad spectrum antibiotics (OR 3.10, 95% CI: 0.98-9.81) and typing and crossmatch (OR 0.89, 95% CI: 0.38-1.98). 18, 23 Audit and feedback improved the administration of broad spectrum antibiotics for genital tract sepsis (one study with 123 participants: OR 6.95, 95% CI: 2.24-21.59), but did not improve the blood specimen taken for culture (OR 0.19, 95% CI: 0.02-1.64) and exploration and evacuation if retained products of conception are suspected (OR 2.20, 95% CI: 0.65-7.44). Audit improved the handling of obstetric emergencies by a district referral system (one study with 122 participants) with respect to adequate resuscitation before referral (OR 2.66, 95% CI: 1.43-5.01), delay of less than two hours from the time the ambulance is called to when the ambulance brought the patient to the hospital (OR 2.11, 95% CI: 1.15-3.92), clinicians attending to patient within 30 minutes of arrival to the hospital (OR 3.01, 95% CI: 1.53-6.03), feedback given to the referring health centers (OR 55.16, 95% CI: 10.08-1138.11), but did not improve the availability of ambulances at all times (OR 1.00, 95% CI: 0.59-1.70), referral of all patients with a completed referral form (OR 1.03, 95% CI: 0.61-1.77), and referral hospital informed when a patient is referred (OR 1.00, 95% CI: 0.59-1.70). 25 
Cesarean section
Criterion-based audit reduced Cesarean section rate (three studies with 27,732 participants: OR 0.82, 95% CI: 0.73-0.92) [11] [12] [13] and improved documentation of Cesarean section (1 study with 274 participants): type of anesthetic (OR 48.09, 95% CI: 16.81-137.62), type of uterine incision (OR 28.86, 95% CI: 6.81-122.07), surgical findings (OR 50.32, 95% CI: 6.79-372.93), but not the indication for Cesarean section (OR 1.39, 95% CI: 0.68-2.84). 17 There was significant heterogeneity (p = 0.04) between studies that assessed the effect of audit on Cesarean section rate, presumably due to differences in the type of feedback and recommendations implemented to reduce Cesarean section rate. Figure 2 presents the effect of criterion-based audit on Cesarean section rate. Criterion-based audit to improve the timing of elective Cesarean section did not reduce admissions for neonatal respiratory morbidity (one study with 619 participants: OR 0.60, 95% CI: 0.32-1.11), 16 and audit of emergency Cesarean section did not significantly improve the decision-to-delivery time (one study with 378 participants: OR 1.73, 95% CI: 0.98-3.04). 15 Criterion-based audit however improved antibiotic prophylaxis during Cesarean section (one study with 526 participants: OR 31.47, 95% CI: 14.31-69.22) and reduced wound infection rate (OR 0.29, 95% CI: 0.13-0.65). 14 Lomas and colleagues compared the effectiveness of criterion-based audit with education given to physicians by opinion leaders. 11 Opinions leaders were senior obstetricians who were highly respected by their fellow colleagues. Compared to participants in opinion leader education intervention, participants in criterion-based audit group were less likely to be offered trial of scar (one randomized controlled trial with 1263 participants: OR 0.45, 95% CI: 0. 35 
Discussion
Main findings
This review explored the use of criterion-based clinical audit in obstetrics and its effects on obstetric practice. Both randomized controlled trials and studies with before-and-after design were included. A total of 23 studies (including one RCT) met our eligibility criteria and were included in this review. Ninety-six percent (22/23) of studies assessed the effectiveness of audit to improve obstetric care from the doctors/midwives' view while 4% (1/23) assessed the effect of audit from mothers/women's view.
The effects of criterion-based audit on obstetric practice varied from an apparently negative effect to very large positive effect. Where significant, the effect was found to be generally small to moderate. The effect of criterionbased clinical audit was likely to be significant if baseline adherence was poor and the sample size was adequate. The findings of this study are similar to those reported previously on the effect of audit and feedback on professional practice and health outcomes. 1 The authors found that the effect of audit and feedback on desired practice varied from 16% absolute decrease in compliance to 70% increase in compliance.
The extent to which criterion-based audit influences clinical practice depends on the characteristics of feedback such as the message, the provider of the feedback, the addressee, the timeliness and the vehicle. 34 Passive provision of information, such as the dissemination of printed materials, posters and didactic lectures, results to little if any change in practice, 1, 35 while active feedback such as interactive workshops and interactive educational meetings are likely to be beneficial. 35 There are many plausible explanations of why some criterion-based audits are effective in changing practice why others are not. Factors associated with the effectiveness of criterion-based audit can be traced from the five steps of a clinical audit cycle.
Step 1 -establish criteria of good practice: "who establish the criteria?", "are they evidence-based?, "are they achievable within the resource constraints?". If criteria or standards are not achievable, not evidence-based or people implementing them are not consulted during the standards setting process, criterion-based audit is unlikely to improve the quality of obstetric practice. 36 Step 2 -measuring current practice: "is there selection bias and/or measurement bias?".
Step 3 -feedback findings and set local targets: "what are the gaps identified in current practice?", "what is the method of feedback?" and "what are the recommendations made to address problems identified?".
Step 4 -implement changes in practice where indicated: "how successful were the recommendations implemented?".
Step 5 -re-evaluate practice and feedback: like in step 2, selection and measurement biases might be introduced at this stage. In the current review, it was noted that only few studies clearly stated these five steps in the methodology. In eight out of 23 studies the method of feedback was not clearly stated.
In the past two decades the focus of criterion-based clinical audit in obstetrics has been to improve the management of emergency obstetric complications, which is justified because about 80% maternal deaths occur as a result of these complications. 37 Few studies have assessed the effect of audit and feedback on antenatal and/or postnatal care, and no published studies have assessed the effect of criterion-based audit on women/mothers satisfaction and perception of health care. There are two dimensions of quality of obstetric care, namely quality of health outcomes and quality as experienced by women receiving the care. 38 Both dimensions are crucial in measuring and improving the quality of care which in turn affects utilization of maternal and newborn health services.
The only RCT included in this review found that physicians in hospitals receiving an opinion leader education intervention were less likely to perform inappropriate Cesarean section than physicians in control hospitals and hospitals receiving criterion-based audit. 11 However, the results of this study are difficult to interpret because opinion leaders received 1½ days of intense training in guidelines for performing Cesarean section and this type of training was not given to any other physician in the study. In their analysis, they combined cases managed by the four opinion leaders 
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with those handled by the other 15 physicians in the opinion leader education group, and did not specify the proportion of cases handled by the four opinion leaders. Thus we cannot conclude from this study that opinion leader education is better than criterion-based audit.
Strengths and limitations of the evidence and review
We found only one RCT that assessed the use of criterionbased audit to improve quality of obstetric care from both the midwives/doctors' and women/mothers' perspectives. Properly conducted RCTs are regarded as the best method of assessing the effectiveness of health care interventions as they generate comparable intervention and nonintervention groups with the only differences between the groups being attributable to the effect of the intervention, or chance. 39 Many studies lacked the adequate sample size to show a significant change in clinical practice. Many studies were excluded because they did not complete the clinical audit cycle. Studies with before and after design are useful in monitoring and improving clinical practice, but it is difficult to attribute causation based on before-and-after studies. The primary role of before-and-after studies is clinical governance defined as "a framework through which health organizations are accountable for continuously improving the quality of their services and safeguarding high standards of care, by creating an environment in which excellence in clinical care will flourish". 40 The results of this review are likely to be affected by publication bias since studies with negative findings are less likely to be published compared to studies with positive findings.
Conclusions
In conclusion, clinical audit leads to moderate improvements in obstetric care from both the health professionals' and mothers/clients' perspectives especially if baseline adherence is poor. Audit can be a useful tool to measure, improve and monitor the quality of day-to-day obstetric practice. Priority should be given to those practices where baseline adherence is known or suspected to be poor. Midwives and doctors working in maternity units should consider the use of audit to improve quality of care from the women/mothers' view. Attempts should be made wherever possible to complete the audit cycle. Better reporting on how standards are established, how baseline measurements are performed, type of feedback, targeted behavior and characteristic of study participants is needed. There is need for well designed randomized controlled trials to assess the effectiveness of different types of feedback in criterion-based audit.
